Objective: To assess the use of cod-liver oil supplements among Norwegian women and to examine dietary, lifestyle, demographic, and health factors associated with use of this supplement. Design: Cross-sectional study. Setting and subjects: The study is based on data from a food frequency questionnaire from 1998 answered by 37 226 women aged 41-55 y, who in 1991/1992 participated in the Norwegian component of the European Prospective Investigation into Cancer and Nutrition (EPIC). The Norwegian EPIC cohort was based on a random nation-wide sample of Norwegian women. Results: Cod-liver oil supplement use was reported by 44.7% of the participating women. Subjects with higher education, high physical activity level, and body mass index (BMI) in the normal range were more likely to use cod-liver oil supplements. Consumption did also increase with increased age as well as with increased reported consumption of fruits, vegetables, fatty fish, lean fish, and vitamin D (excluding the vitamin D contribution from cod-liver oil). Energy intake was higher among cod-liver oil users than nonusers. Whole-year daily users of cod-liver oil were also more likely to take other dietary supplements (OR ¼ 2.45, 95% CI: 2.28-2.62). Never smokers were more likely to use cod-liver oil supplements than current smokers. Conclusion: Use of cod-liver oil is associated with several sociodemographic factors, self-reported health issues, and intake of fish, fruit, and vegetables. When assessing the relationship between cod-liver oil use and occurrence of chronic diseases potential confounders need to be considered. Cod-liver oil use seemed not to be matched with vitamin D needs. Thus, emphasis on assessing vitamin D status by measuring levels in blood should be investigated further, in particular, among people living in northern latitudes.
Introduction
In Norway, consumption of dietary supplements is widespread. Surveys have shown that more than half of the female population and nearly 40% of the men use vitamin or mineral supplements (Johansson & Solvoll, 1999) . Cod-liver oil has traditionally been consumed as part of the diet, in particular, by people living in northern coastal areas of Norway (Kloster, 1931) . Recent dietary surveys have shown that cod-liver oil supplements were used by around 35% of the population in Norway and more than half of the eldest age group of the population surveyed (Johansson et al, 1997; Johansson & Solvoll, 1999) . One dose of cod-liver oil supplement (5 ml) contains 500 mg vitamin A, 10 mg vitamin D, and 10 mg vitamin E as well as 1.2 g of n-3 fatty acids (Rimestad et al, 2001 ) (Cod-liver oil consumed as capsules provides equal amount of nutrients as 5 ml liquid cod-liver oil, provided that the recommended numbers of capsules are ingested).
Cod-liver oil has, in particular, been considered an important source of vitamin D. However, risk of insufficient vitamin D status in populations in Scandinavia because of low levels of vitamin D intake has been reported in several studies (Andersen et al, 1997; Johansson et al, 1997; Lehtonen Veromaa et al, 1999) . To prevent vitamin D deficiency, fortification of food items has been used for decades in Scandinavia (Pedersen et al, 1995) . In addition, the Norwegian National Council on Nutrition and Physical Activity has recommended daily consumption of cod-liver oil supplements, partly because of the suspected vulnerability to vitamin D deficiency in the Norwegian population in relation to low intake in the diet and limited exposure to sunshine, which is the main source of vitamin D (Webb & Holick, 1988) . However, numerous surveys on predictors for dietary supplement use have shown that subjects with the highest nutrient intake are the most likely to take dietary supplements (Koplan et al, 1986; Slesinski et al, 1996; Frank et al, 2000; Dwyer et al, 2001; Troppmann et al, 2002) . This suggests that the most likely consumers are less likely to need it, and vice versa.
The possible benefits and risks of use of various dietary supplements on health have been debated (Patterson et al, 1997; Maxwell, 1999 ). An important challenge in analysing and interpreting the relationship between diet and health is adjustment for several demographic and lifestyle factors that can influence apparent associations.
Several studies have shown that supplement taking has been associated with health-related factors such as age, gender, body mass index (BMI), socioeconomic status, physical activity, alcohol consumption, smoking, education, and diet (Slesinski et al, 1996; Lyle et al, 1998) . Supplement users tend to have health behaviours associated with reduced risks of chronic diseases. By using information collected from the Norwegian European Prospective Investigation into Cancer and Nutrition (EPIC) cohort, the aim of this study was to assess the use of cod-liver oil supplements among Norwegian women and to examine dietary, lifestyle, demographic, and health factors associated with the use of this supplement.
Method

Subjects
The Norwegian EPIC cohort is a subsample of the Norwegian Women and Cancer Study (NOWAC). In 1991/1992, 81 000 women in Norway, randomly selected by the Central Bureau of Statistics Norway received a questionnaire on diet and other health-related issues. The questionnaire was answered and returned by 45 962 (crude response rate ¼ 56.7%). In 1998 these women received a similar, but extended, questionnaire. Of the original 1991/1992 study respondents, 713 women had deceased or emigrated, leaving 45 249 who received this new questionnaire; 37 231 answered, giving a crude response rate of 82.3%. Subsequently, five women withdrew their informed consent. The current study is thus based on data from the 37 226 remaining women, that is, 46.4% of the original sample from 1991/1992. To test for possible selection bias, we compared the distribution of parity, age at first birth, and years of education between a subsample of 15 000 of the respondents and the total invited sample from 1991/1992, using national register data. No difference was found other than that the response rate increased with increased education (data not shown). Further, by using the answers from the 1991/1992 questionnaire, the distribution of data for the following variables were compared between the subjects who responded to the second questionnaire in 1998 and all who participated in 1991/1992: smoking, physical activity, geographic, perceived health, parity, BMI, marital status, education, and consumption of fatty fish (data not shown). Again, a selection bias related to education was found in addition to smoking, perceived health, and marital status.
Questionnaire
The subjects answered an eight page self-administered questionnaire, which included questions on height, weight, physical activity, smoking habits, diseases, perceived health, marital status, and diet. A revised version of the food frequency questionnaire described by Hjartaker and Lund (1998) constituted a major part of the questionnaire. This food frequency questionnaire was aimed to cover total diet; however, the main purpose was to assess consumption of marine foods. There were altogether 85 frequency questions on common food items consumed in Norway. The questions on cod-liver oil supplements were: 'do you use cod-liver oil supplements (liquid)?' and 'do you use cod-liver oil capsules?', with answering options 'yes' or 'no' for both. Further the subjects were asked to record how often they used cod-liver oil in either liquid or capsule form in relation to seasonal variation ('during winter' and 'rest of the year'). The frequency categories were as follows: 'seldom/never', 'one to three times per month', 'once per week', 'twice to six times per week', and 'daily'.
The food frequency questionnaire was equal to the one described by Hjartaker and Lund (1998) despite that the food items: juice, desserts, cakes, and salty snack were included. An evaluation of the part in the questionnaire covering marine foods against serum phospholipid fatty acid composition in 234 middle-aged women, showed significant correlations between calculated intake of n-3 fatty acids and serum phospholipid n-3 fatty acids. Cod-liver oil consumption was strongly related to the phospholipid n-3 fatty acid composition (r ¼ 0.46, P ¼ o0.001) (Hjartaker et al, 1997) .
Daily intake of energy and nutrients were computed based on the Norwegian Food Composition Table (Rimestad et al, 2001) . The Central Bureau of Statistics Norway provided data on age and place of residence. Physical activity was recorded in the questionnaire on a scale ranging from 1 to 10 and collapsed into three categories 'low' (1-3), 'moderate' (4-7), and 'high' (8-10).
Cod-liver oil use
In the analysis, use of cod-liver oil was divided into four groups: nonusers, occasional users, daily users part of the year, and whole-year daily users. Subjects were classified as nonusers if they never took cod-liver oil, or did so less frequently than once a week (during winter and the rest of the year). 'Occasional users' were defined as subjects never taking cod-liver oil supplements daily, but using it between 1 and 6 days per week either during winter months or the rest of the year. 'Daily users part of the year' were defined as subjects taking cod-liver oil supplements daily during either summer or winter, and the 'wholeyear daily users' constituted those taking cod-liver oil supplements daily both during winter and the rest of the year. In the analysis, no discrimination was made based on whether the cod-liver oil was consumed as capsules or in liquid form.
Exclusion criteria
Subjects with missing information on cod-liver oil supplement use were excluded from the analysis (n ¼ 334). In addition, 329 subjects were excluded from the analysis where variables on intake of food items and vitamin D were included. For these latter analyses, subjects were excluded if the estimated daily energy intake was Z15 000 kJ (n ¼ 43), r2500 kJ (n ¼ 163), or the number of blank (unanswered) items in the food frequency questionnaire was Z41 (50% of the total number of questions). When summarising the number of blank items, each of the frequency questions per food items was counted, with the exception of three questions each on different milk types and coffee; in this case they were merged into one. In total, 193 subjects had 41 or more blank items, of whom 70 subjects had daily energy intake estimated to be 2500 kJ or less.
Statistical analysis SAS version 8.02 was used for nutrient calculations and statistical analysis. The relation between the use of cod-liver oil and selected variables was examined by applying a logistic regression model to calculate OR with corresponding 95% CI. The variables in the statistical model were selected based on dietary and lifestyle variables of interest. When analysing energy intake by cod-liver oil use, a linear regression analysis was performed where cod-liver oil use was recoded into a set of indicator variables, and nonusers were defined as reference group. The Kruskal-Wallis test was applied to compare dietary intake of vitamin D and intake of grams of vegetables, fruit, fatty-and lean fish, and fish products per day between different cod-liver oil use categories. A nonparametric method was required for these analyses, since the data were not normally distributed. The selected dietary variables were chosen because they can be considered to indicate a healthy diet, and intake of some of these food items are important sources of vitamin D. When assessing intake of vitamin D in the diet by cod-liver oil use, the recommended daily intake of 5 mg was chosen as the lower cut-off point and 50 mg was chosen as the upper limit according to the Nordic dietary recommendations (Sandström et al, 1996) .
Results
Some characteristics of the study participants are presented in Table 1 . The average age was 47.7 y (s.d. ¼ 4.3). Average BMI, calculated from self-reported weight and height was 24.4 kg/m 2 (s.d. ¼ 4.1). Three-quarters of the respondents were married and around 40% of them had more than 12 years of education. 
Cod-liver oil use and various characteristics
The percentage distribution of selected health, demographic, and lifestyle variables with respect to cod-liver oil use is shown in Table 2 . In Table 3 , the results of a multivariate analysis of cod-liver oil use for these selected variables are presented. The OR are calculated relative to nonusers. The use of cod-liver oil increased with increased age. About 39% of the subjects who took cod-liver oil daily during the whole year were in the age group 51-55 compared to 29% of the Predictors for cod-liver oil supplement use M Brustad et al nonusers (Table 2) . Quantitatively, the subjects in the eldest age group had a 1.7 times higher odds to be daily users the whole year, compared to the youngest age group (Table 3) . For all three user categories, consumption decreased significantly with increased BMI (P-value for trend 40.001). As indicated in Table 2 , 39.2% of the nonusers had BMIZ25 compared to around 30% of the cod-liver oil users. Cod-liver use was more common among subjects with higher education. This was more pronounced in the occasional user category, where subjects with higher education (412 y) had a OR¼ 1.9 (95% CI: 1.68-2.14) for taking cod-liver oil supplements compared to subjects with the lowest level of education (r9 y). Cod-liver oil use seemed to be independent of marital status (Table 3) . In the multivariate model, subjects living in northern Norway and in the Oslo region (capital of Norway) had similar odds for using cod-liver oil for both occasional and daily use part of the year. Daily use the whole year was more common in Oslo than any other part of Norway. Current smokers were less likely to use codliver oil supplements occasionally or daily part of the year compared to never smokers (OR ¼ 0.78, 95% CI: 0.71-0.87 and OR ¼ 0.84, 95% CI: 0.78-0.90, respectively; Table 3 ). Exsmokers were more likely to be daily users the whole year, compared to never smokers (OR ¼ 1.15, 95% CI: 1.07-1.25).
Cod-liver oil supplement use increased significantly with increased physical activity level. The subjects with high physical activity had a 1.7 times higher odds to take cod-liver oil the whole year, compared to those reporting low physical activity level (Table 3 ). Subjects reporting their perceived health to be poor were more likely to be daily users the whole year (OR ¼ 1.27, 95% CI: 1.10-1.46), compared to subjects considering their health to be very good. To further address this issue, intake was compared for nonusers vs users (sum of all user categories). In this model OR for 'good health' and 'poor health' compared to 'very good health' were 1.07 (1.02-1.13) and 1.09 (0.98-1.21), respectively (data not reported in Table 3 ). Daily users of other dietary supplements had an OR of 2.5 of also being cod-liver oil users the whole year, compared to nonusers of dietary supplements other than cod-liver oil (Table 3) . Occasional users of food supplements other than cod-liver oil had an OR of 3.2 to be occasional users of cod-liver oil compared to nonusers of dietary supplements. Table 4 summarises cod-liver oil use in relation to various dietary variables. Total energy intake was higher among codliver oil users than nonusers when adjusting for physical activity in a linear regression model (Po0.001). Intake of fatty fish, lean fish, vegetables, and fruits increased by increased cod-liver oil consumption. This was also the case summing the consumption of total potatoes, vegetables, fruits, and juice. The same pattern was found when adjusting for total energy (data not shown), except for 'total fish and fish products' where no difference between cod-liver oil use groups was found. Consumption of total fish and fish products was higher among cod-liver oil users compared to nonusers, but among the cod-liver oil users intake was similar in the different user categories. When stratifying the data by age group, increased food intake by cod-liver oil use was found in all age strata and the Kruskal-Wallis test was highly significant for all food items (data not shown).
Cod-liver oil use and diet
Daily vitamin D intake in the diet was significantly higher for the cod-liver oil users than nonusers both when adjusting for total energy and not (data for energy adjusted figures are not shown in Table 5 ). This was also the case when the vitamin D contribution from the cod-liver oil supplement was subtracted (Table 5) . When excluding vitamin D contribution from the cod-liver oil supplements, the proportion of subjects with daily intake of vitamin D in the diet below the recommended 5 mg was nearly 40% in the nonuser group compared to around 30% among the cod-liver oil users. Very few had a vitamin D intake above 50 mg. When vitamin contribution from cod-liver oil was included, the proportion of subjects with intake above the upper limit of 50 mg was the highest (0.5%) among subjects using cod-liver oil daily for the whole year.
Discussion
The main findings in this study were that cod-liver oil users had higher intake of some foods (fish, vegetables, fruits) and higher intake of energy and vitamin D than nonusers. Further, users seemed to report a healthier lifestyle than nonusers.
Our study has several important methodological features. Firstly, the analysis were based on a large nationwide random selected study sample. Secondly, the comprehensive questionnaire applied in the survey provided data on many lifestyle-, demographic-, and health-related issues that could be taken into account in the analysis. Thirdly, the food frequency questionnaire data, aiming at covering total diet, made it possible to use usual daily intake of both food items and nutrients as independent variables in the analysis. Fourthly, the data on cod-liver oil supplement use was detailed and contained information on both frequency and seasonal variation. Further, these questionnaire data on marine foods, including cod-liver oil, have been independently validated and were shown to be satisfactory (Hjartaker et al, 1997) . The comparison of the study sample and source population with respect to selected characteristics supports the external validity of the results. However, the sample in this study was characterised by increased response rate by increased education level. Since education level significantly predicted cod-liver oil use, it is likely that the prevalence of use was higher than in the population from which the study sample was drawn. The average cod-liver oil use found in this study was slightly higher than what has been reported previously for the Norwegian population (Johansson & Solvoll, 1999) . However, our findings were in agreement with surveys done on Norwegian women corresponding to the same age group (Hjartaker & Lund, 1998) . We assume that there is no reason to believe that pattern of use differed between responders and non responders with respect to other variables that could not be included in the comparison test. Thus, to generalise the findings to the female population aged 40 -55 y in Norway seems reasonable.
Daily consumption seemed to be the main pattern for codliver oil use, since more than three-quarter of the users took it on a daily basis. Nearly half of the daily users took it both in summer and winter, which is in line with the recommendations by the Norwegian National Council on Nutrition and Physical Activity (Press release, 17.09.93). Messerer et al (2001a) have shown that during the last two decades there has been a dramatical increase in the prevalence of dietary supplement use among both men and women. One limitation in our study is that we have no data on time trends. However, when considering production of cod-liver oil, the figures correspond to a supply of 0.3 g per person per day throughout the period 1959-1990, and dietary surveys during 1963-1983 have shown that only 10% of the adult population took cod-liver oil supplement regularly (Johansson et al, 1996) . Thus, this might indicate relatively stable consumption in this period followed by an increase in the last decade since studies from the 1990s have reported that more than 30% of the population use cod-liver oil supplement (Johansson et al, 1997; Hjartaker & Lund, 1998; Johansson & Solvoll, 1999) .
The results from our study were in agreement with other studies regarding the association of cod-liver oil supplement use and age, BMI, smoking, and diet (Hjartaker & Lund, 1998; Johansson et al, 1998; Egeland et al, 2001) . Further, our findings support previous studies in which predictors for dietary supplement use have been assessed. Several studies have found that subjects who take dietary supplements also are more likely to have a higher micronutrient intake from food (Koplan et al, 1986; Dorant et al, 1993; Slesinski et al, 1996; Kaartinen et al, 1997; Lyle et al, 1998; Dwyer et al, 2001) . In a national dietary survey, Johansson et al (1998) found that cod-liver oil contributed 33% of the total intake of very long-chain n-3 fatty acids. They also found that men and women in the highest quartile of intake of these fatty acids had 3 to 4-fold higher intake of retinol and vitamin D, as well as 20-50% higher intake of fruits and vegetables, dietary fibre, and vitamin C. This supports our findings that cod-liver oil use is associated with healthy dietary habits. In contrast, Troppmann et al (2002) did not find supplement users to have better dietary habits than nonusers. However, their study was based on single 24-h recalls. Further, in their analysis the study sample was divided into subgroups with a rather small number of subjects in each, thus impairing the ability to detect a difference.
The observed relationship between consumption of fish and use of cod-liver oil supplement in the present study has been found by others (Egeland et al, 2001) , as well as the association between consumption of fruits and vegetables and use of other dietary supplements (Frank et al, 2000) . Supplement use has previously been associated with physical activity, in line with what we observed (Lyle et al, 1998; Messerer et al, 2001b) . Further, total energy intake from the diet was highest among the cod-liver oil users. This might be explained by increased energy demand due to higher activity level. By contrast, this difference in energy intake could not explain increased intake of fatty fish, lean fish, fruits, vegetables, and vitamin D with increased intake of cod-liver oil found in our study; intake of total fish and fish products was the exception. The finding that a large proportion had vitamin D daily intake below that recommended (Table 5 ) cannot be interpreted to signify that subjects do not have their vitamin D needs met. This is so because the recommended level has been selected as two standard deviations above the mean physical need for a group (Sandström et al, 1996) . On the other hand, the figures support the findings of lower vitamin D levels in the diet among subjects not using cod-liver oil compared to subjects taking it. The proportion of subjects having an intake above the upper limit of intake was small. However, subjects taking cod-liver oil were also more likely to use other dietary supplements, but nutrients from these products were not included in the nutrient analysis. Thus, the true vitamin intake for the cod-liver oil users and the proportion above tolerable limit were most likely higher than estimated.
The relationship between intake of dietary supplements and education level has been reported in other studies (Slesinski et al, 1996; Ervin et al, 1999; Balluz et al, 2000; Egeland et al, 2001) . Observations on the relationship between subjective health and use of dietary supplement have been contradictory. In our study, we observed a small, but significant, decrease in cod-liver oil use with poorer perceived health only for whole-year daily users. For the other user categories, perceived health did not predict use. Messerer et al (2001b) found that men who reported excellent health ate less supplements than those who reported poor health. However, this association was weaker among women. By contrast, Ervin et al (1999) found that self-reported health status was positively related to supplement use. Our finding might imply that the tendency to polarisation to either no use or use every day of the year becomes more obvious among those who reported poor health. When replacing frequency of consumption with dichotomous responses (yes/no), subjects who reported their health to be good were more likely to use cod-liver oil supplements.
The geographic differences showed that subjects living in Oslo (the capital of Norway) were more likely to take codliver oil. Similar observations have been reported in Sweden, where dietary supplement users were more likely to live in Stockholm (Messerer et al, 2001b) , although this difference disappeared after adjusting for age. Since we adjusted for age in the multivariate analysis, this probably does not explain our findings. It could, however, reflect a selection bias due to a higher proportion of diet and health conscious subjects recruited from the Oslo region compared to the smaller cities or rural areas.
The most obvious predictor for cod-liver oil use was use of other dietary supplements. This supports the assumption that those consuming cod-liver oil also get more nutrients from other sources.
The main argument for the recommendation of The Norwegian National Council on Nutrition and Physical Activity for cod-liver oil supplements is the risk of vitamin D deficiency in populations living in northern areas. However, the pattern in cod-liver oil use observed indicates that it tends to be indiscriminate and not matched to needs. Those who most likely have their vitamin D requirements met through food intake, were significantly more likely to take cod-liver oil as well. It has been suggested that this pattern of supplement use demonstrates a gap between possible need and actual use (Bristow et al, 1997) . Cod-liver oil was, historically an important source of fat-soluble vitamins in particular vitamin D, especially for people living in the coastal areas (Kloster, 1931; Brustad et al, 2003) . Our findings suggest that the pattern of use today is associated with factors other than dietary needs.
In conclusion, a substantial proportion of Norwegian women take cod-liver oil supplements. Predictors for codliver oil use are similar to those found for consumption of other dietary supplements. Use of cod-liver oil is associated with several sociodemographic factors and self-reported health issues, and intake of some foods. When assessing the relationship between cod-liver oil use and occurrence of chronic diseases, these potential confounders need to be considered. Cod-liver oil use seemed not to be matched with vitamin D needs. Assessment of vitamin D status by measuring its level in blood seems worthy of investigation, in particular among people living in northern latitudes.
